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= Lov dispersion obfective~nrism srectra {190,000 2/mm) have teen

W

obtained of izlaxies in the Coma and Virso Clusters. Composite color

4 3

~ irdices were derived {rom the specird, vhich when cordinad with rasmmitudes

o,

obtainad fron the Catalosue of Calaxies &nd cf Clusters ¢f Galaxies, =

~f-

4
-

(Zuwicky et 2l.) 2llcwed color magnitude diamrams for the clusters to o2

L1y a7 doe o, & - 3 Y da - .
dravm. . Tre differances hetizen the dlamrass for different clusters indicate
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that £he mathed 111 prove useful in the study ¢f the color distrisution
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within clusters of salaxies, 25 w2ll as in the 1dentification of the
- L St P sy . . s . i%.s :
bluest and radiest raizavies which misht warrant further study at a higher
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L prisms were rotated 173° away from each othrer, spectra' of very low dis-

persion ware produced. An unfiltered Xodak N erulsion records inforra-

tion from 0 & to 3500 £. The dispersion a* the blue erd was about

3000 R/mn and about 20,000 &/m at the red end.
After Inspection of a2 nurber of such low dispersio. plates taken
at high salactic latitudes, we concludsd that a large percentage of the '

galaxies on our plates formed semi-stellar spectra bacause of the con~

centration of lizht in their nuclei. Readers are referred to the above-
mentioned article for fierures illustrating the effect of changing the

orientation of the prisrs and typlcal spectra of stars ard galaxies

obtained.
A 90-mdnute armoniated Kedak 1M emulsion reachsd galaxdes to 15.7.

The Umiting rasnitude of the galaxles listed in the Catalogues of Gz-

laxies arid Clusters of Galaxiss (Zwicky et al 1961, 1953) is 16.0. Thus
“1f some sort of classification schere could be: devised for galaxies

that would sort them by color, according to the distribution of light

within their spectra, then color-mamnitude dlacrams could be plotted for

- galaxies in a cluster. To investigate this possibility, we obtained plates

> of the Virego and Coma Clusters and clausified all the galaxies to the

R

W

rhrihe

14miting rasnituse oyéhe plates according to a method walch will be

described next. A preliminary report on this project was given by Tailip

' © (1968). : e T s
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Comosite Color Index

- -Singe one 1is dealin~ with comnosite spectrz In the case of gelavies,

one Is nct fustified in classiiying the low dispersion spectre with standard




#tellar shestra havins the sare disnersfon. We have defined a corposite
© ‘¢oler index which measures the cenirold of the distribution of density in

- the observad spactrin. The irare is visually estirated to be cornosed

of four sagrents tounded by the approxirate wavelengths of \=3500,2= 4308,
As 5000,X« 5300, andr. 9000, The classifier estimates in arditrary units

the relative density of each of the four sections ard cerputes 2 corposite

Ras00-4320 *Qua00-5000 *Qs5600-5800 *25500-2000

{ndicates that all the inforration is In the first, blue auarter of the

). An index of .00

“Spectrum; 2n index of 4.00 indicates thet all the inforrmation is in the

fourth; red quarter:of the Spectmun. Tre rafority of the galaxies in the -

_«Cofra. and Tirep- Clustsrs had: indices rear 3.25 esuivelent ‘to a G-type

“The Crossed-risa Snectrun:

R © -Comparison with Gthep Methads of Color An2lvsis

Y

= ‘A'test of this classification schiem2 can te rade by cerparing the

»

Ardices obtalined fred the crossed-prism spectra with the photoretry of

“ Terrt (1959) of palaxies in thé Virso Cluster. Tifft protoretsrsd so- -

index T = [xR3500.300) * 2*Ru3o0-5000) * 3*@5000-5300" * “*Rsg00-9000'Y

-of the UBV system. Tishteen of the f2laxles in
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T3 one ray conclude that our spectral index does correlate with the

photoslectric colors of gelaxies. The correlation is test with the cclors

obtained for tre nuclear regions which domirate in forming the low disper-

sion spectra.

The -crossed prism rethicd has advantages over multicolor photograpnic

b bl b0

~  photometry in that in on2 9C-minute exposure of a cluster of galaxies,

approxirately 100 galaxies ray be recorded sirmulfaneously under identical
8Ky--conditions for later weasuré. To gain the sare amcunt of infarmation,
a,‘r@raco;o’r":i}hptog:a’phic photometric system would have to be used. The
total exgosure tims vould Ge greater and you would hava the zdésd problem
Bt the exposures viculdbe taken-at different. tires. A disadvantage is
‘that palaxies. waich ’nayi'e;— apprecisble internal structure cannot be: classified

-on-our plates: This grolp includes those brishter galaxies which-are seen

Observations :

1ried frema study-of erossed-prism plates.of “two well-studied clusters,

. ‘Fiture pagars will discuss clusters that have not been studied and will

‘Serve as surva¥s to 1ocdts Interssiing zalaites for furthsr work.

Tre plate raterfal obtalned for this study is listed in Teble I. - -

et e Tanle T e e e e

- z * - _ -
e e e’ oo - . CposSsed=Prism Plztés . - _
(Varrer ard Swassy Chsdrvatory)
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: EtGe ; 3 . g ' n . s s A
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4 6510 Vires 2222 1132 E5(iaker Semsitized) 3 3L 1852
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The palaxies from Zulclky, Ferzos, ard.¥11d (1961) that fell in the area

of our Virso plates, corplete to a limiting raenitude of ¥ - 14.5 are 1isted

. 1n Table II. Those galaries on the list for which we could not obtain a spec-

tral index are irdicated in the rerarks ssction. Sore galaxies were orientated
édpe-on and the sgectrum was distorted so no classification could be rade.

‘These calaxies are noted by the term "orfentation" under rerarks. Sore galaxy

irmages ware teo diffuss to classify; these are indicated by the term "diffuse”.

nwoa

Some galaxy irzces which wers insufficiently stellar like tecause of the

‘@pparent size of the f2laxy are noted by the term “arorphéus®. In the first

©olurn the 16C murser (0F 1f followed by an asterisk, the I.C. mmter) is

[

Isted, followed by the richt ascension and declination for 1950, Tre Fas-

g e =l oo o -  Cempar®
- ‘nitude from Zulcqy et al. is found in colwm fouwr and the ss=====2 irdex In

¢olurm five. Sirilar data for tie Cova Cluster is ziven in Table III. Al

=

galaxies to ragz, = 15.5-are listed froa Zwicky and Harzoe {1653). Trose

-galaxies wnthout an index will be followed by a remark as in Table II. Each

“galaxy vas classified indenendenitly by each author and the averase indsk

was-entersd in the tzbles. The internal probable errer was + £.03.
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The color-ramnituds dlasra~s for tre Virgo ard Coia clusters are shom

In Pigurss 2 2ard. 3. In these diasravs we have plotted our corposite coler

[} ——— -~ -index asainst the protasraphic rasnitudes given in Tebles II and III. The

oo

T “Coma Clustsr is a stzndard exz-dle of a regular cluster, whils the Virso Clustar

; 45 a stardawi exarpie of an Lrréesular cluster, Trerefore, scm2 difference

SR bk Y, . P A . Lhyerlny RFm s % v
might T2 expactzd hetuaen the tuo color-mamituds diasrers., The major
) H e ™ 2y &3 o Py 3 S rmms centawd SR P
diffanense that czn be soen $s In the ramiltulas of those szlzxles whlch ame
- * A R S . a3 -~ - z - - — L
= bluer or vedder than the hean ¢olor of smlaxies in the cl.ster. The dis-

i 3 *Ara 2 . 2 U2 % T Iaest = aATee T & -l
rersicn In ¢3iors I3 =roateor In Wireo than In Zoma, undouw tadly tacause of the
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- greater horogeniety in rorpholozical t:;pés within Coma, 1.e., a large pré=
o - panderance _of:éiliptiéai galaxies. In the Coma Cluster, the brightest two
. magnitudes all hava abcut the same color, whereas in the Virzo Clusteér the -
brightest valaxies ranse in irdsx from 3.95 to 2.20. In the Cora. Clus.te;z’i:;
the range- in the Index 1s not as great 2nd the scatter in the color-masnitude

diagraf doss not appesr until a rasnituds of 13, abcut 2 1/2 maznitudes

%
e’ e

. fainter than the brightest galawry. ‘ .
- ~Another feature of clusters that czn be studied is tie possible

correlation of color with position within tre cluster. In the Virso Cluster, >

the blusst and reddest zalaxles-did nct shew a preference for any part

of ‘the.cluster; each color srcup 1s scabtersd at random. ¥GC 45683, with

an index of 3:95, iv tré reddest galavy foundso far during this :Survey

and would be an interssting objéest for work at & hicher dispersicn. o

- separaticn wuas aﬁ“arént in the color-rasnitude é‘iagra;;;:éi‘ grlaxies of ) ‘
) - ~different morphological type. In Figure 1 there was a :ter;iency for spirals

- to fall below the meen relation ard eliipticals to fall atove.

. j ’ Int:he Cora Cluster, 2s showmn in Flgure 4, the bluest galaxies sesnm

. »Q ‘io be rore concentrated t;oi tha center of tre clzxste? than do the reddsst

N 7@1&,3355. Poad (1968) has already rotsd that there is a tevz’encyrfor s

‘ the color 71:‘;1;:( to decfease with dacrazsing luminesity in the very o

7 central reglesns of the Coma Cluster. ’ o

— e Vnile tre croassed-prism spectral Index is a coarse measute of color;

T Tt the methed pﬁov.s o te useful as a suz*:::-z} techninue in identifying tha

) bluest and reddest galaxias in the nearer clusters of galavies. Very red

- galaxies ray te tha result of i t:""'x..l reddenins *nadee on galaxiss, as

well 33 frdicativs of 2 strons Y star comulasion. e ,:; Ior-mammdtuds A :

A b R

s




diagraits that can te plotted f1om the irdex and ragnitudes from the
Zwicky éatalosues give an Irdication of the tyre of cluster, regular

Acknowiedzerents

“Thanks 1s given to the Warmer ard Swasey Coservatory fbr oproviding
> : s o
‘observing time on the Schmidt telesccge. One of us (A.G.D.P.) acimawledses

support for this profect from the Office of Maval Research.

P
e

p—

b

0
2 2000 0 1 P 5

M
i it o by i b b




Reférénces :
- Pnillp, A.G.D. 196§, AJ. 73, S 195,
_ __-and Sandulealk, if. 1966, P.A.S.P. 78, 30.
) Rood H.J. 1968, A.J. 73, S 115. o

e, W.G. -959, A.7. 78, 35,

iZwic.cv, F. ard Eerzog, ©. 1963, Catalogue of Gaizxies and Clusters

of Galéj..es, Vol. IT (Ce.l:‘.zo"nia Institute of Technoldsy).

. e ar'd wi1d, P, 1961, Catalogia of Galaxiss
and Tlus 3ters. of Galsxie , Vol. T (California Institute of Technoldsy).

N — . - .
-

-
-
- %
‘e
=
e - e wm e e o o e L - — - — - =
e s ATt = - e —m—m—— e e e -— —— s ——
= - weme m er amm o o = e - e o e — c s e m - - —
-
-

I

=

Fobhon 1k gt




W
P LAR]
"“;

Titles for Fleures

Tifft!'s (1-3) photozlectric colors varsus the spectral
index for 12 ,:ala.ciea in the Yirgo Cluster. Tre :
‘correlaticn is test for the 10" disphramm (lower graph).

Color-rasnituds diagram for the galaxies measursd in the -
Vireo C"L.ater

Color-masnitude dlasram for the galaxies m2asurad in.the
Ooma Cluster.

The 1035910"! o7 the redﬁost and plusst. ea...a” 2s in the
‘Coma Clustar of zalades. Ga.a:aes with an index

.21 -are: 3’ovtﬂu as solid trianzies; Falaxies with

“index <.2.59 ave plottad as hollow eircles. Solid

circles ravi: wa nosi ions of gzal \c*es with 3.00 S

index <3.20. 1In the central quare, only tne red and

blue galaxies zre plottéd. (2p taken from Zuicky

and Ferzos, 1983). -
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